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1  Introduction
The	vegetation	history	of	 the	Northern	Vosges	 is	 known	
through	 some	 older	 pollen	 studies,	 which	 lack	 chronos-
tratigraphic	control.	Radiocarbon-dated	studies	have	been	
limited	 to	 the	 Southern	High	Vosges	 (e.g.	 Janssen	 et	 al.	
1972,	1975,	de	Valk	1981,	Edelman	1985,	Kalis	1985,	Kalis	
et	al.	2006).	
The	 following	 studies	 are	 available	 from	 the	 Northern	
Vosges:	The	Col	de	Prayé	site	was	examined	by	Hatt	in	1937	
and	covers	the	periods	from	the	Boreal	to	the	Sub-Atlantic,	





de	 Prayé.	The	 investigations	 of	 Firbas	 et	 al.	 (1948)	 at	 the	
Maxe	bog	cover	the	period	from	the	Pre-Boreal	to	the	Sub-
Atlantic;	Gevelaar’s	 (1982)	 investigation	 covers	 only	 the	
Late	Glacial	period,	as	does	the	study	of	Walter-Simonnet	
et	al.	(2008),	who	also	studied	the	tephra	in	this	bog.	Firbas	









to	 reconstruct	 in	 detail	 due	 to	 sparse	 data	without	 inde-
pendent	chronologies.
















2  Study area
Mount	 Rond	 Pertuis	 is	 located	 at	 the	 head	 of	 the	 river	
Breusch	 catchment,	which	 is	 situated	within	 the	Donon-

















The	 bog	 developed	 in	 a	 northward-oriented	 glacial	
cirque.	The	actual	 surface	vegetation	of	 the	Rond	Pertuis	
supérieure	bog	(690	m	a.s.l.,	48.46487	N,	7.12626	E)	consists	
of	 Sphagnum spp. (peat	 moss),	 Eriophorum spp. (cotton	
grass) and	 other	Cyperaceae	 (sedges).	 Some	 parts	 of	 the	
bog	are	dominated	by	Drosera rotundifolia	 (common	sun-

















the	Metal	 Ages	 (Lassere	 2007).	 A	 permanent	 settlement	
was	supported	by	monasteries	in	the	Breusch	Valley	from	
the	6th	century	onwards,	and	further	settlers	arrived	in	the	



















































































Fig.1: Natural units of the investigation area and locations of the investigated bog (modified after Frey 1965, Breuning 1998 and Sell et al. 1998, altidues: 
Jarvis et al. 2008), STR = Strasbourg, SE = Schirmeck, EP = Epinal, Em = Emmendingen, FR = Freiburg.
Abb. 1: Naturräumliche Einheiten des Untersuchungsgebiets und Standorte der untersuchten Moore (nach Frey 1965, Breuning 1998 und Sell et al. 1998, 
Höhendaten: Jarvis et al. 2008), STR = Straßburg, SE = Schirmeck, EP = Epinal, Em = Emmendingen, FR = Freiburg.
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4.1  Lithostratigraphy and pollen accumulation rates







From	 the	 Sub-Boreal	 period	 (3100–800  B.C.)	 onwards,	
at	 210–10cm	 coring	 depth,	 sedge	 peat	 and	 dwarf-shrub	





The	 linear	 model	 between	 the	 14C	 ages,	 as	 shown	 in	
Fig.	2,	suggests	a	very	high	peat	growth	during	the	Sub-Bo-
3  Material and methods
From	the	Rond	Pertuis	supérieure	bog	a	300	cm	peat	profile	












tion	 from	 Central	 Europe,	 and	 using	 a	 microscope	 with	












































Fig. 2: Stratigraphy and age depth model for the Rond Pertuis supérieure profile. Stratigraphy legend also applies to the presented pollen diagrams (Fig. 3).
Abb. 2: Stratigrafie und Alter-Tiefe-Modell für das Bohrprofil aus dem Rond Pertuis supérieure. Gleichzeitig Legende der Stratigrafie im Pollen-Diagramm 
(Abb. 3).






pollen	 accumulation	 rates.	Overall,	 the	 pollen	 accumula-
tion	rates	do	not	vary	greatly.	



















constantly.	 Abies	 values	 decline	 immediately	 after	 the	




gus	becomes	 the	dominant	pollen	 type.	At	 the	beginning	
of	RPAZ 2	 the	abundance	of	Poaceae	 (grasses)	 and	 some	
herbs	increases.	In	the	middle	of	RPAZ 2	the	first	Cerealia	
(cereals)	pollen	type,	Hordeum type	(inter	alia	barley),	was	
found,	 accompanied	 with	 rising	 values	 for	 non-arboreal	
pollen	(NAP).	
At	 the	 end	 of	 RPAZ	 2	 the	Abies	 percentages	 show	 a	





at	 a	 level	 around	 20%. Plantago lanceolata	 (ribwort	 plan-
tain)	 is	 almost	 continuously	 evident	 during	 this	 RPAZ.	















Depth [cm surface] Laboratory sample No. 14C-date BP 2 σ date AD/BC Sample substratum
18–21 Hd-23583 modern modern dwarfshrub peat
44–49 Hd-23581 677±53 AD 1255–1405 dwarfshrub peat
92–98 Hd-23564 3016±35 1390–1130 BC sedge peat
143–149 Hd-23565 3679±36 2195–1950 BC sedge peat
195–199 Hd-23582 4197±58 2910–2620 BC sedge peat
245–249 Hd-23586 7173±45 6205–5925 BC swamp peat
 
Tab. 1: Radiocarbon dates for Rond Pertuis supérieure. 14C-analysis was completed by the Heidelberger Akademie der Wissenschaften (Hd), calibration is 
following Reimer et al. (2009).
Tab. 1: Radiokohlenstoff-Datierungen für das Rond Pertuis supérieure. Die 14C-Analyse wurde an der Heidelberger Akademie der Wissenschaften (Hd) 
durchgeführt, die Kalibirierung der Daten erfolgte nach Reimer et al. (2009).
PAZ Dominant pollen types Depth in cm 
Boundary
Rise Decline
4 (Picea –) Pinus – NAP 42–0





3 Fagus – Abies – Pinus 134–42
2 Abies – Fagus 218–144
1 Quercetum mixtum – Corylus – Pinus 240–218
Tab. 2: Regional pollen assemblage zones at the Rond Pertuis supérieure. NAP = non- arboreal pollen, QM = Quercetum mixtum.
Tab. 2: Regionale Pollenzonen am Rond Pertuis supérieure. NAP = Nichbaumpollen, QM = Eichenmischwald.
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5  Discussion 




from	 a	 bog	 differs	 from	 a	 lake	 of	 similar	 radius	 (Sugita	
1993).	According	 to	Huntley	 and	Webb	 (1988),	 in	 a	 site	
of	this	size	most	of	the	pollen	arises	from	a	500	m	radius.	
We	suppose	that	 the	pollen	source	area	 in	this	mountain	














2008).	 As	 shown	 in	 Fig.	 1	 the	 Rond	 Pertuis	 supérieure	













































































































































Fig. 4: Pollen accumulation rates from the Rond Pertuis supérieure bog, Northern Vosges, France, 690 m a.s.l with selected Taxa.
Abb. 4: Raten des Pollenniederschlags für ausgewählte Taxa des Rond Pertuis supérieure, Nordvogesen, Frankreich, 690 m ü. NN.
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were	open	enough	 for	 these	heliophilous	 tree	 species,	or	
perhaps	Pinus and Corylus	 grew	 in	different	 areas	 to	 the	
mixed	 oak	 forest	 species,	 e.g.	 on	 the	 steep	 slopes	 of	 the	
cirque. The	 low	 number	 on	 heliophilous	 herbs	 does	 not	















establishment	 of	 pine-dominated	 ecosystems,	 thus	 ham-
pering	the	immigration	of	other	tree	species.	Human	influ-





ter	 immigration.	 First	Abies	 expanded	 more	 rapidly	 and	
dominated	 the	 early	 fir-beech	 forests.	 The	 later	 domi-






alternate.	This	points	 to	alternating	wetness	 levels	 in	 the	
bog.	Sedge	peat	was	a	result	of	wetter	phases,	Ericaceae	in-
dicate	a	drier	bog	surface.	Immigration	of	Carpinus	betulus	
at	 the	end	of	 the	Sub-Boreal	period	 (Fig.	 3a)	was	 incom-
plete	 and	 the	 representation	 of Carpinus	 in	 the	 diagram	
is	very	low.	The	following	vegetation	history	of	the	study	
area	was	strongly	influenced	by	human	impact.	
5.3  Human impact
In	the	pollen	diagrams	(Figs.	3a	and	b),	signs	of	influence	












immediate	 decline	 of	Abies.	 A	 high	 number	 of	 charcoal	
particles	 indicate	 local	 fires.	 Only	 charcoal	 pieces	 larger	
than	38 µm	have	been	counted,	because	these	can	be	cor-




occur	 contemporaneously	with	 secondary	 anthropogenic	
indicators	 (Fig.	 3a,	Table	3).	Therefore	 this	may	be	better	
explained	by	human	settlement	and	woodland	pasture	 in	
the	 valleys	 during	 the	 Younger	 Neolithic	 period.	 At	 the	
end	of	this	land	use	phase,	agriculture	may	have	occurred,	
as	a	single	grain	of	Hordeum type	was	ascertained.	Barley	

































Fig. 5: Aspect, elevation and slope in a 1 km radius around the coring point in the Rond Pertuis supérieure bog.
Abb. 5: Verteilung von Exposition, Höhe und Neigung im Umkreis von 1 km um den Bohrpunkt im Rond Pertuis supérieure.
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indicators Changes in forest composition
Era






Cichorioideae in low 
quantities
Abundant Pinus and Picea; 
decrease of Abies, Fagus and 












high Poaceae values; 
sporadic Brassicaceae, 
Urtica and Plantago media; 
charcoal levels elevated
Abies decline; Pinus elevated; 
Betula increase; earliest Picea 








At first some 
Hordeum grains, 
later Secale and 
Triticum, as well as 
Cannabis; a single 
grain of Fagopyrum
Continuous high frequencies 




Poaceae increase; charcoal 
common
Pinus, Abies and Fagus decline; 
Corylus and Betula spread; 
Juglans from the beginning; 
Castanea from the middle of 
the phase onwards
Central Medieval Ages to 
early Modern Era
1150–1700 AD
Charcoal burning, mining, 









Plantago in low quantities
Pinus increase












Urtica and Plantago major 
with low values; charcoal 
elevated
Pinus elevated; 
higher representation of Fagus 
than Abies
Middle Bonze Age to 
younger Iron Age









Abies values increase towards 
the middle of the period, than 
decrease. Fagus becoming 









Plantago major, presence 
of Chenopodiaceae and 
Ranunculaceae 
At the beginning high levels of 
Betula; Abies is spreading
Late Neolithic
2500–2200 BC No land use detectable
2
224–188 Hordeum grain 
at the end of the 
phase
Plantago lanceolata distinct; 
Poaceae and charcoal 
elevated; low values of 
Artemisia, Ranunculaceae 
and Plantago lanceolata
Abies and Fagus immigration 
and spreading; Abies decline; 
Betula percentages increase at 
the end
Younger to late Neolithic
4000–2500 BC






and Cichorioideae in low 
quantities
Mixed oakwood with Corylus
Younger Neolithic
5000–4000 BC No land use detectable
 
Tab. 3: Land use phases in the area of Rond Pertuis as differentiated in the pollen diagram (Fig. 3). Definition of primary and secondary anthropogenic indi-
cators following Behre (1981, 1988) and Lang (1994).
Tab. 3: Aus dem Pollendiagramm (Abb. 3) hergeleitete Landnutzungsphasen für das Gebiet des Rond Pertuis. Primäre und sekundäre Indikatoren anthropo-
gener Aktivität nach Behre (1981, 1988) und Lang (1994).













has	 been	 recognised	 in	 the	 Southern	Black	 Forest	 at	 the	
same	time	(Steerenmoos,	Human	Impact	Phase	4	of	Rösch	
2000).	This	leads	to	the	conclusion	that	the	climatic	condi-
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tions	during	this	time	must	have	permitted	agriculture	in	
the	montane	zone.





impact	as	 indicated	 in	RPAZ	2	 (Fig.	 3a).	A	decline	of	 the	
dominant	 forest	 tree	Abies	 corresponds	 to	an	 increase	of	
secondary	 cultural	 indicators.	 Afterwards	 Fagus	 expands	
slowly.	 Hence	 the	 development	 of	 altitudinal	 vegetation	
zones,	especially	 in	 the	upper	montane	Fagus	 zone	 (600–








Ages	 is	 not	 represented	 in	 the	 analysis	 of	 the	Maxe	 bog	
(Firbas	et	al.	1948),	shown	by	the	sharp	lithostratigraphic	
change.	
In	 the	 Early	 Bronze	 Age	 temporal	 land	 use	 is	 recog-
nised	by	the	slightly	enhanced	values	of	heliophilous	herbs	
and	Poaceae	towards	the	end	of	this	phase	(LUP	3b,	2200–












From	 the	 Middle	 Bronze	 Age	 and	 Younger	 Iron	 Age	
(LUP 4,	1800–400	B.C.)	up	to	now,	continuous	human	im-
pact	 is	 detectable.	 Secondary	 cultural	 indicators	 indicate	






Thereafter	 Younger	 Iron	 Age	 farming	 is	 indicated	 by	



























































For	 the	 study	 area	 in	 the	Northern	 Vosges,	 Firbas	 et	
al.	 (1948)	 describe	 a	 fir	 forest	 around	 the	Maxe	 bog.	The	










distances,	 because	 of	 its	 high	 pollen	 production	 and	 ex-
cellent	dispersal	capacity	(Burga	&	Perret	1998).	The	in-
creasing	number	of	charcoal	particles	could	be	a	possible	











modern	 silviculture	 will	 likely	 lead	 to	more	 diverse	 and	
species-rich	forests.







tation	 development	 become	 apparent.	 In	 the	 Boreal	 the	
immigration	 of	 hazel,	 elm,	 oak	 and	 other	 thermophilous	
trees	 occur.	The	hazel	 expansion	 in	 the	 Southern	Vosges	
was	very	strong,	but	much	reduced	in	the	Northern	Vosges	
(Firbas	et	al.	1948,	Bunnik	1978).	The	hazel-rich	oak	forests	
largely	 replace	during	 the	Atlantic	 the	pine-birch	 forests	
in	 the	Southern	Vosges,	but	 in	 the	Northern	Vosges	pine	
and	 to	 a	 lesser	 extent	 birch	 still	 constitute	 an	 important	
part	 of	 the	 forests.	Beech	and	fir	 spread	 in	 the	Southern	
Vosges	from	the	middle	Atlantic	times	onward	and	reach	
the	Northern	Vosges	 in	 the	 late	Atlantic	 (Fig.	 3a).	 In	 the	
Subboreal	period	the	expansion	of	beech	and	fir	lead	to	a	
decline	of	 the	mixed	oakwood	and	also	 to	a	reduction	of	
the	pine	 in	 the	Northern	Vosges.	The	 long	dominance	of	
pine	might	be	a	result	of	the	permeable	sandstone	rock	and	





particularly	 harsh	 climatic	 conditions	 (Kalis	 et	 al.	 2006),	
but	not	in	the	Northern	Vosges.	The	modern	forest	cover	
rich	in	spruce	is	a	result	of	plantations.	
The	main	 differences	 of	 the	 vegetation	 history	 of	 the	
Vosges	to	the	Black	Forest	concern	the	role	of	the	spruce	
(Friedmann	2000,	Rösch	2000).	The	 spruce	naturally	 im-




6  Conclusion 
The	 presented	 pollen	 diagram	 fills	 an	 important	 gap	 in	
knowledge	 of	 the	Holocene	 vegetation	 development	 and	
land	use	history	of	 the	Northern	Vosges	and	 the	Central	
European	Uplands.	There	is	a	high	persistency	of	Pinus	in	
the	 Northern	 Vosges	 until	 the	 middle	 Holocene	 period.	
These	high	frequencies	of Pinus	in	the	northern	sandstone	
Vosges	are	probably	a	natural	phenomenon,	resulting	from	
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